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ABSTRACT
￿
Cells of an epidermoid cancer cell line of human uterine cervix, which possessed a
high-affinity, specific receptor for low density lipoprotein (LDL), internalized and degraded
[' 25 1]iodo-LDL at a very low rate. In thesecells, LDL did not stimulate cholesteryl estersynthesis,
nor did it suppress 3-hydroxy-3-methylglutaryl coenzyme A reductase to the same extent as in
the control cells. The binding of [' 251]iodo-LDL by these cells was not decreased by preincu-
bation of the cells in medium containing LDL. Using ferritin-labeled LDL (F-LDL) and electron
microscopy, it was determined that at 4°C the cells bound F-LDL in the same way as other
cancer cell lines that did not have a defect in internalization. When these cells were warmed
to 37°C the F-LDL remained on the surface, whereas in cells from control cancer cell lines the
F-LDL was internalized and was no longer observed on the cell surface. On the basis of the
results of these studies it is concluded that cells of this epidermoid cancer cell line have a
defective ability to internalize LDL.
The currently accepted model of the cellular uptake and me-
tabolism oflow density lipoprotein (LDL) was developed from
the studies of Brown and Goldstein (1, 2). The processes
involved in the metabolism of this lipoprotein include the
initial binding of the LDL macromolecule to high-affinity,
low-capacity receptors that are clustered in specialized regions
on the cell surface known as coated pits (3, 4). After LDL is
bound to the cell surface, the coated pits invaginate by a
process resembling phagocytosis to form endocytotic vesicles.
These endocytotic vesicles fuse with lysosomas, and the inter-
nalized LDL is hydrolyzed by lysosomal enzymes to its basic
constituents: cholesterol, fattyacids, and amino acids.
The cholesterol that is liberated during lysosomal degrada-
tion of LDL may be used for cell membrane synthesis or else
stored in the form of cholesteryl esters as lipid droplets (5, 6).
Intracellular free cholesterol is believed to mediate the follow-
ing cellular functions: (a) suppression of synthesis of 3-hy-
droxy-3-methylglutaryl coenzyme A (HMG CoA) reductase,
the rate limiting enzyme in de novo cholesterol biosynthesis;
(b) stimulation of the activity ofacyl CoA:cholesterol acyltrans-
ferase (ACAT), the enzyme that catalyzes the reaction leading
to the esterification of cholesterol; and (c) down-regulation of
LDL receptor synthesis.
Cancer cells replicate continuously and therefore require
large quantities of cholesterol for cell membrane synthesis. The
THE JOURNAL OF CELL BIOLOGY " VOLUME 92 MARCH 1982 597-603
©The Rockefeller University Press " 0021-9525/82/03/0597/07 $1.00
cholesterol used by cancer cells for this purpose could be
derived from de novo synthesis from two-carbon molecules, or
else assimilated from plasma through the uptake and degra-
dation of LDL. It has been proposed that the control mecha-
nisms by which cells regulate lipoprotein metabolism might be
absent in neoplastic cells (7, 8). We have investigated LDL and
cholesterol metabolismin several humanMüllerian duct cancer
cell lines (9, 10, 11) and determined that the neoplastic cells
internalize and degrade LDL in the same way as other human
cells (e.g. skin fibroblasts). We found that in some cases neo-
plastic cells metabolized LDL at a higher rate than non-neo-
plastic cells, with the activity being maximum during the
logarithmic phaseof cell growth (9, 10). Recently, Anderson et
al. (12) described LDL metabolism in a human epithelioid
cancer cell line (A-431). These cells bind ferritin-labeled LDL
(F-LDL) in both coated and noncoated regions of the cell
surface, unlike skin fibroblasts which bind F-LDL primarily in
the coated regions of the cell membrane. The A-431 cellsbind
and degrade LDL normally although a smaller proportion of
the surface-bound LDL is internalized and degraded than in
skin fibroblasts or another control cell line (Chinese hamster
ovary cells). The authors attributed the inefficiency of LDL
internalization and degradation in the A-431 cells to the atyp-
ical distribution of LDL receptors on the cell surface.
The homozygous form of familial hypercholesterolemia is
597characterized most commonly by a lack of LDL receptors on
the cell surface (13). However, in one person with this disorder
(J.D. [14]), the primary lesion was found to be a failure of
internalization of the LDL-receptor complexes even though
LDL receptors were found to be present on the cell surface of
fibroblasts obtained from a skin biopsy of this individual.
While studying cholesterol metabolismin several human Miil-
lerian duct cancer cell lines, we discovered a cervical epider-
moid cancer cell line (EC-168) with a defect in LDL metabo-
lism. The results of biochemical and morphological studies
presented here have led us to conclude that LDL receptors are
present on the surface of EC-168 cancer cells but that the
process of internalization of LDL in such cells appears to be
defective.
MATERIALS AND METHODS
Materials
Culture media and fetal calf serum were obtained from Gibco (Grand Island
Biological Co., Grand Island, NY). All culture flasks were purchased from
Coming Glass Works (Coming, NY). Thefollowing isotope labeled compounds
were purchased from New England Nuclear (Boston, MA): D,L-3-[glutaryl-3-
"C]hydroxy- 3-methylglutaryl coenzyme A; D,L-[mevalonic-4-3H(N)]mevalonic
acid DBED salt; [1-"C]oleic acid, and [7-3H(N)]cholesterol. Polyoxyethylene 10-
oleylether (Brij 96), NADP', glucose-6-phosphate, and glucose-6-phosphate de-
hydrogenase were purchased from Sigma Chemical Co. (St. Louis, MO); ["I]-
sodium iodide was purchased from Amersham-Searle (Arlington Heights, IL).
Supplies for electron microscopy were obtained from Ladd (Burlington, VT).
Human LDL (density 1.019-1.063 g x ml-') and lipoprotein-poor serum
(LPPS) (density > 1.215 g x ml-') were prepared by differential ultracentrifu-
gation of plasma obtained from healthy subjects; f"l]iodo-LDL wasprepared
according to the method described by Bilheimer et al. (15) as adapted by
Goldstein and Brown (16). The specific activity of ["SI]iodo-LDL was 300-500
cpm x ng' LDLprotein.
Cells
Keratinizing, well differentiated epidermoid cervical cancer cells (EC-168)
from passages 52 thru 78, and well differentiated endometrial adenocarcinoma
cells (HEC-B-296) that were characterized in the past (17), were used in these
studies. TheEC-168 cellswere derived from primary cultures ofminced neoplastic
tissues and were passed whenever they became confluent. The histological
characteristics of these cells were confirmed by periodic evaluation of tumors
grown in nude mice. Thecells were maintained in T76 flasks in the presence of
Waymouth's MB 752/1 medium containing fetal calf serum (FCS), 10%(vol/
vol) and antibiotic-antimycotic mixture (1%) in a humidified atmosphere of95%
air and 5% CO2 at 37°C. During the time ofmost rapid growth, the HEC-B-296
cells doubled in number in -24 h; the number of EC-168 cells doubled in 22 h.
For each experiment, cells were placed in 60-mm petri dishes at adensity of 106
cells/dish andallowed to attach for 24 h in mediumcontaining FCS. The medium
was then replaced with fresh medium containing LPPS, 10% (vol/vol), for48 h,
unless otherwise indicated. All experiments, except for those in which ACAT
activity was measured and those in which binding ofF-LDL was determined by
electron microscopy, were performed with cells in the logarithmic growth phase
whentheir potentialfor LDLmetabolism andcholesterolbiosynthesis was shown
to be maximal (10).
All experiments were performed at least three times and the results were
qualitatively and quantitatively similar on each occasion. In all cases the values
used for determination ofaverage rates for each time or concentration point were
within 5% ofthe average.
[1251]lodo-LDL Uptake and Degradation
To determine the rates of uptake (i.e. binding and internalization) and
degradation of LDL by the cells, the cells were incubated at 37°C in medium
containing ["I]iodo-LDL (15.9 lag LDL protein x mg'). After various times,
the medium was removed and assayed for [...I]iodo-LDL degradation products
according to the method of Goldstein and Brown (l6). The cells were washed
five times with Tris-buffer (50 mM, pH 7.4) containing NaCI (0.15 M) and 2 mg
x ml-' bovine serum albumin (BSA) and then once with buffer that did not
contain BSA. Cellular uptake was measured in homogenates prepared from
washed cells in 0.5 NNaOH.
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Determination of Specific Binding Sites for LDL
To ascertain whether the binding of LDLto the cells was specific, cells were
incubated at 4°Cwith various concentrations of [...I]iodo-LDL in the presence
or absence of a 50-fold excess of nonradiolabeled LDL. After 12 hthe medium
was removed, the cells were washed as described above, and the cellular uptake
of ["I]iodo-LDL was measured by assay of radioactivity in homogenates pre-
pared from washed cells. Thecells were homogenized in 0.5 NNaOH.
Determination of Surface Binding,
Internalization and Degradation of LDL
Thecultured cells were cooled rapidly to 4°C and the medium was replaced
with ice-cold medium containing LPPS. [12511lodo-LDL was added to achieve a
concentration of l0 Pg LDLprotein x ml-' and the cells were allowed to stand
for 2 h at 4°C. Thereafter, the medium was removed, the cells were washed five
times with ice-cold medium, and fresh medium containing LPPS (10%) and 10
Wg LDLprotein xml-' of nonradiolabeled LDLwas added. Thecells were then
incubated at 37°C. After various times the medium was removed and assayed for
content of radiolabeled degradation products of ["I]iodo-LDL. To determine
surface binding, the cells were washed with ice-cold Tris-NaCl buffer (50 mM
Tris, 0.15 MNaCl, pH 7.4) and then incubated in 2 ml of ice-cold buffer (pH
7.4) containing NaCl (50 mM), HEPES(10 mM)and heparin (l0 mg x ml-') for
1 h at 4°C. Thereafter, the solution was removed and an aliquot (l ml) was
assayed for radioactivity. Heparin-releasable ['25I]iodo-LDL represents surface-
bound material. To determine the amount ofinternalized radiolabeled LDL, the
cells were washed again with Tris-NaCl buffer (pH 7.4) and homogenized in l
ml of 0.5 N NaOH. An aliquot (50 /it) was used to measure cellular protein
according to the method of Lowry et al. (I8).
Assay of HMG CoA Reductase Activity
Thecultured cellswere washed twice withTris-NaCI buffer (pH 7.4), scraped
from the dishes with a rubber policeman into Tris-NaCI buffer, and pelleted by
centrifugationat 1,000rpmfor 5 min.Thecells werewashed once by resuspension
in Tris-NaCI buffer and then recentrifuged. Thesupernatant fluid was decanted
and the cell pellets were storedunder liquid N2. Detergent-solubilized extracts of
the cells were prepared and enzyme activity was measured according to the
method described by Brown et al. (19) as adapted by Simpson et al. (20), except
that 1.25% Brij 96 detergent was used rather than 0.25% KyroEOB (11). HMG
CoA reductase activity is expressed as picomoles of ["C]mevalonate formed x
min-' x mg-' microsomal protein.
Incorporation of [' 4C]Oleate into
Cholesteryl Esters
After 48 h in the presence ofmedia containing LPPS [10% (vol/vol)], LDL, in
various concentrations, was added to the media for 24'h. Thereafter, albumin-
bound ["C]oleic acid (21) was added to the medium of the cultured cells to
achieve a concentration of oleic acid of 150 juM, and 6h later the medium was
removed, and the cells were washed with Tris-NaCl buffer (pH7.4), harvested,
and extracted with chloroform:methanol (2:1), Thecholesteryl ["C]oleate was
isolated by thin-layer chromatography and quantified as described previously
(22). Therate of ["C]-oleate incorporation into cholesteryl esters is expressed as
nanomoles x mg' cell protein x6h-'.
Electron Microscopy of Ferritin-labeled LDL
Ferritin-labeled LDL(F-LDL) was prepared by the method of Kishida et al.
(23), as modified by Anderson et al. (3). After growing in culture medium
containing FCS for 24 h, cells were placed in culture medium containing UPS
(10%) for 48 h. Thecells were chilled to 4°C, and F-LDL (33 pg LDL protein
x ml-') was added in the presence or absence of unlabeled LDL (500 lag LDL
protein x ml-'). After 2 h, the media were removed and thecells were rinsed five
times with sodium phosphate buffer (0.1 M, pH 7.4). Cells were then fixed (zero
time) or warmedto 37°C for various periods oftime in mediumcontaining LPPS
and no F-LDL. Thecellswere then fixedin the dishes with Na-cacodylate buffer
(0.l M) containing 1.5% glutaraldehyde, osmicated, dehydrated in ethanol, and
embedded in Epon 812. The embedded cells were separated from the plastic
culture dishes and re-embedded in fresh Epon 812. Thin sections were cut with
a diamond knife, stained with uranyl acetate and lead citrate, and photographed
in a Philips 301 electron microscope. Micrographs were enlarged to a final
magnification of 50,000 times and evaluated by two investigators. Micrographs
were randomizedbefore evaluation and were not identified until after evaluation.
The numberofferritinparticles and coated regions on the cell surface membranewere counted directly on the micrographs. Thelength of cell surface membrane
was quantitated with a map measurer. At least 500 micrometers of cell surface
membrane were evaluated for each cell line at each time point. The data were
normalized to l mm ofmembrane.
RESULTS
Biochemical Studies
The rates of uptake (i.e. binding and internalization) and
degradation of [i25í]iodo-LDL in two cancer cell lines, HEC-B-
296 and EC-168, were determined at various times during a
30-h incubation at 37°C (Fig. 1). The degradation of ['25I]iodo-
LDL by HEC-B-296 cells increased with increasing time of
incubation at 37aC, a pattern similar to that described in
fibroblasts (16). In contrast, degradation of [1s5í]iodo-LDL by
EC-168 cells proceeded at a very low rate, <5% of the degra-
dation rate achieved by HEC-B-296 cells. On the other hand,
levels of uptake of [12.I]iodo-LDL were similar for both types
of cells. A steady state of uptake was achieved at 5 h in the
HEC-B-296 cells and at I 1 h in the EC-168 cells.
To evaluate the effect of [t25í]iodo-LDL concentration on its
uptake and degradation by these cells, increasing concentra-
tions of [1s5í]iodo-LDL were added to the culture media. After
6 h at 37aC, all media were removed and assayed for degra-
dation products. Cellular uptake was measured in homogenates
of the washed cells. Saturation of the uptake process was
achieved at a concentration of40 pg X ml-' [l25í]iodo-LDL for
the HEC-B-296 cells and at a concentration of -70 ftg X ml_'
[1251]iodo-LDL in the EC-168 cells (Fig. 2).
To ascertain whether the binding of LDL by EC-168 cells
was specific, the cells were incubated with various concentra-
tions of [1251]iodo-LDL in the presence or absence ofa 50-fold
excess of nonradiolabeled LDL at 4aC for 12 h. In the presence
ofexcess nonradiolabeled LDL, >80% of the bound [1251]iodo-
LDL was displaced (Fig. 3A). Saturation of binding sites was
achieved at a concentration of 70 ftg LDL protein X ml_' of
[1251]iodo-LDL. Transformation of the data by the method of
double reciprocals yielded a straight line from which an ap-
parent dissociation constant (KD) was calculated to be 36.41íg
LDL protein X ml_' (Fig. 3 B). When a similar experimentwas
conducted using HEC-B-296 cells, the KD was calculated to be
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FIGURE 1
￿
Uptake and degradation of [1251]iodo-LDL in endometrial
adeno-carcinoma cells (HEC-B-296) and cervical epidermoid cancer
cells (EC-168) as a function of time. Cells were incubated at 37 °C
with 15.9 ttg X ml-1
[1251] iodo-LDL for the indicated times. At each
time point the media were assayed for [1251]iodo-LDL degradation
products (O) and the cells were assayed for uptake of the [1251] iodo-
LDL (") . The data presented are the average values obtained using
cells from duplicate dishes.
A
eoo
500
'É
400
a300
m 200
100
a J E
FIGURE 2
￿
Uptake and degradation of (1251]iodo-LDL in endometrial
adeno-carcinoma cells (HEC-B-296) and cervical epidermoid cancer
cells (EC-168) as a function of ['251]iodo-LDL concentration in the
medium. The cells were incubated at 37°C with various amounts of
[125l]iodo-LDL. After 6 h, the cells were assayed for ['251]iodo-LDL
uptake (") and the media were assayed for [' 251]iodo-LDL degra-
dation products (O). The data presented are the average values
obtained using cells from duplicate dishes.
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FIGURE 3
￿
Characterization of specific binding of ['251]iodo-LDL by
EC-168 cells. Panel A: EC-168 cells were incubated with increasing
concentrations of [1251]iodo-LDL in the presence of (O) or absence
(") of a 50-fold excess of unlabeled LDL. After a 12-h incubation
at 4aC, the media were removed and the cells assayed for bound
[1251]iodo-LDL. The data presented are the average values obtained
using cells from three replicate dishes, plus or minus the standard
error. Panel B: A double reciprocal plot of the data shown in panel
A: The Kd was calculated to be 361ag X ml'.
201íg LDL protein X ml-' and saturation was achieved at 40
fig LDL protein X ml-' [1251]iodo-LDL (data not shown).
The results of an experiment in which surface binding,
internalization and degradation of LDL were determined in
both cell lines are presented in Fig. 4. In this experiment, cells
were incubated with [1251]iodo-LDL (10 1íg LDL protein X
ml-') for 2 h at VC. Thereafter, the media were removed and
the cells were rinsed, fresh culture medium containing nonra-
diolabeled LDL was added, and the cells were warmed to
37aC. After various times the culture medium was removed
and assayed for content of radiolabeled degradation products
of [1"I]iodo-LDL. The cells were treated with heparin to
determine the amount of heparin-releasable ['251]iodo-LDL
(i.e. surface-bound LDL) and heparin-resistant [1251]iodo-LDL
(i.e. internalized LDL). In the HEC-B-296 cells, the amount of
surface-bound radioactivity diminished rapidly upon incuba-
tion at 37aC. During the first hour, there was an increase in
the amount ofinternalized LDL. Subsequently, the amount of
radioactivity in this compartment declined, concomitant with
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FIGURE 4
￿
Pulse-chase study of [1251]iodo-LDL binding, internali-
zation and degradation in HEC-B-296 cells and EC-168 cells. Cells
were incubated with ['251]iodo-LDL (10 Rg x ml-1) for 2 h at 4°C,
rinsed, and fresh medium containing nonradiolabeled LDL (10 Wg
LDL protein x ml -1 ) was added to the dishes. The cells were then
warmed to 37°C for the indicated times. At each time-point, the
media were assayed for [' 251]iodo-LDL degradation products (L)
The cells were incubated with heparin to determine the heparin-
releasable ['251]iodo-LDL (i.e. the surface-bound LDL) (O) and the
heparin-resistant ['251]iodo-LDL (i.e. the internalized LDL) ("). The
data presented are the average values obtained using cells from
duplicate dishes.
the commencement of degradation. After 6 h, ^-70% of the
initially bound LDL in the HEC-B-296 cells had been inter-
nalized and degraded. In the EC-168 cells, the amount of
surface-bound [12bí]iodo-LDL diminished very slowly upon
incubation at 37*C. Unlike the HEC-B-296 cells, in the EC-
168 cells the amount of internalized and degraded LDL re-
mained low throughout the 6 h. At the end of the 6-h incuba-
tion, only -7% of the initially bound l126í]iodo-LDL had been
internalized and degraded by the EC-168 cells.
The regulation of de novo synthesis of cholesterol by LDL
was also studied in these two cancer cell lines. Cultured cells
were incubated for 24 h in the presence of various concentra-
tions of LDL, and then the activity of HMG CoA reductase,
an important enzyme in the regulation of de novo cholesterol
synthesis,was determined. In the case ofthe HEC-B-296 cells,
the enzyme activity decreased as the concentration of LDL in
the culture medium was increased (Fig. 5). Maximum suppres-
sion of HMG CoA reductase activity (95%) was achieved at a
concentration of40 Itg ofLDL protein x ml-1, a concentration
similar to that required to saturate the LDL uptake process
(Fig. 2). On the other hand, HMG CoA reductase activity of
EC-168 cells was affected much less by the addition of LDL to
the culture medium (i.e. a 40% inhibition at 100 fig x ml-1).
We have shown previously that in several cancer cell lines in
monolayer culture the rate of cholesteryl ester synthesis is
stimulated by increasing concentrations of LDL (24). Cells
which had been incubated with different amounts of LDL for
24 h were incubated with [14C]oleic acid, and the incorporation
into cholesteryl esters was determined. In HEC-B-296 cells, the
rate of cholesteryl ester synthesis, as determined by the incor-
poration of ["C]oleic acid into cholesteryl esters, was stimu-
lated greatly by LDL (Fig. 6). In contrast, in the EC-168 cells,
cholesteryl ester synthesis was barely detectable irrespective of
the presence or absence of LDL in the culture medium.
Another characteristic of cells that metabolize LDL is down-
regulation of the LDL receptor population when cells are
incubated in the presence of LDL. Previous incubation of
UW
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HEC-B-296 cells with LDL led to the suppression of both
uptake and degradation of [12sí]iodo-LDL in a concentration-
dependent manner (Fig. 7). This finding is indicative of the
down-regulation ofthe LDL receptor population by these cells.
In contrast, the uptake of ["'I]iodo-LDL by EC-168 cells was
unaffected by preincubation of these cells in medium contain-
ing various concentrations of LDL. Degradation ofLDL in the
EC-168 cells was very low and also unaffected by preincubation
with LDL. The results of this experiment are supportive of the
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HMG CoA reductase activ-
ity by LDL in HEC-B-296
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FIGURE 6 Rate of incor-
poration of [' °C]oleate into
cholesteryl esters in HEC-
B-296 cells (O) and in EC-
168 (0). Cultured cells
were maintained in the
presence of varying
amounts of LDL for 24 h
before the experiment.
Cells were then incubated
with ['4C]oleate for 6 h,
homogenized, and the in-
corporation into choles-
teryl esters was deter-
mined. The data show the
average cholesteryl ['4C]-
oleate production in cells
from duplicate dishes.
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FIGURE 7
￿
Uptake and degradation of ['251]iodo-LDL after incuba-
tion of HEC-B-296 cells (panel A) and EC-168 cells (panel B) with
various concentrations of nonradiolabeled LDL. After 48 h in the
presence of nonradiolabeled LDL, the cells were washed and incu-
bated with 112511 iodo-LDL (10 F1g LDL protein x ml -') for 6 h and
the rates of uptake (") and degradation (") were determined as
described in Materials and Methods. The data presented are the
average of values obtained using cells from duplicate dishes.conclusion that the LDL receptor population in EC-168 cells
is not subject to down-regulation by LDL .
Morphological Studies
To further characterize the binding sites for LDL on the
surface ofHEC-B-296 and EC-168 cells, the cultured cells were
incubated for 2 h at 4°C with F-LDL in the absence or presence
of a twelvefold excess of unlabeled LDL . The binding of F-
LDL to the surface of the cells was examined by electron
microscopy. F-LDL was localized to the upper surface of the
cell in both cell lines . The binding ofF-LDL was completely
abolished in both cell lines by the addition of a twelvefold
excess of unlabeled LDL to the medium during the 2-h incu-
bation at 4°C . The F-LDL was localized in both cell lines to
the straight membrane as well as to microvilli and other surface
projections (Fig. 8A and C) . The two cell lines had a compa-
rable number of coated regions permmmembrane (31 permm
membrane in the HEC-B-296 cells and 20 permm membrane
in the EC-168 cells) . In the HEC-B-296 cells, -50% of the
FIGURE 8
￿
Electron micrographs of HEC-B-296 and EC-168 cells which had been incubated with ferritin-labeled LDL . (A) HEC-B-
296 cells after a 2-h incubation in the presence of ferritin-labeled LDL at 4°C . The ferritin was localized on straight membrane and
surface projections . It was frequently observed in groups . x 50,000. (B) HEC-B-296 cells, previously labeled with ferritin-labeled
LDL, after a 2-h incubation at 37°C . There is no ferritin remaining on the cell surface . x 50,000 . (C) EC-168 cells after a 2-h
incubation in the presence of ferritin-labeled LDL. The distribution of ferritin is similar to that observed in the HEC-B-296 cells.
x 50,000 . (D) EC-168 cells, presviously labeled with ferritin-labeled LDL, after a 2-h incubation at 37°C . The ferritin is still localized
on the cell surface . x 50,000.
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601coated regions were associated with ferritin (a mean of four
ferritin molecules per coated region) (Fig . 9A) . In contrast, in
the EC- 168 cells no ferritin was associated with coated regions
(Fig . 9 B) .
The internalization of F-LDL was also studied in both cell
lines . Cells which had been previously labeled with F-LDL at
4°C were washed and warmed to 37°C for various times in
media containing LPPS (10%) and no LDL. The number of
ferritin molecules per mm of surface membrane was quanti-
tated (Table I) . In the HEC-B-296 cells, 900 1o of the F-LDL
had been removed form the cell surface after 2 h at 37*C (Fig.
8B, Table 1). In contrast, in the EC-168 cells, the F-LDL
remained on the cell surface, even after 2 h at 37*C (Fig. 8D,
Table 1) . We also examined unstained sections of HEC-B-296
cells and found ferritin associated with multivesicular bodies,
i.e . evidence of internalization of the F-LDL (Fig. 9 C). No
evidence of internalization of F-LDL was found when un-
stained sections of the EC-168 cells were examined. Thenum-
ber of F-LDL molecules bound to the surface of the HEC-B-
296 cells was only about half that bound to the surface of the
EC- 168 cells in this experiment. This is in contrast to the data
in previous experiments (Figs . 1 and 2) in which the uptake of
[t251jiodo-LDL by the HEC-B-296 cells was similar to that by
the EC-168 cells . These differences are reflective of the fact
that the data of Table I were obtained on confluent cells
whereas the data of Figs . 1 and 2 were obtained on noncon-
fluent cells . Furthermore, in the case of the HEC-B-296 cells,
uptake includes binding and internalization, whereas in the
case of the EC-168 cells the uptake and the binding are
equivalent .
DISCUSSION
In the present study, evidence was obtained that cells of an
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epidermoid cervical cancer cell line (EC-168) have a defect in
the mechanism of internalization and degradation of LDL .
These cells bind LDL specifically as shown by both biochem-
ical binding studies and ultrastructural studies with F-LDL . A
similar defect of this type has been described previously, in
skin fibroblasts of a person suffering from a form of homozy-
gous familial hypercholesterolemia (3, 14).
Based on the results of the present investigation, it is con-
cluded that a defect in internalization ofLDL in the EC-168
cells was responsible for the failure ofLDL to regulate choles-
terol metabolism in these cells . These cells, although possessing
specific binding sites for LDL, have defective regulatory mech-
anisms for (a) suppression of de novo cholesterol synthesis by
LDL, (b) stimulation of cholesterol esterification by LDL, and
(c) down-regulation of LDL receptors by LDL . These regula-
tory mechanisms were present in cells of another cancer line
(HEC-B-296) in which LDL was internalized in a normal
fashion. In other cancer cell lines that we have studied (9) and
in a cancer cell line investigated by Anderson et al. (12),
TABLE I
Quantitation of Ferritin-labeled LDL Bound to HEC-B-296 and
EC-168 Cells*
Cell line
HEC-B-296
EC-168
* For details, see Materials and Methods .
$ Ferritin molecules bound per millimeter of surface membrane .
FIGURE 9
￿
Electron micrographs of HEC-B-296 and EC-168 cells which had been incubated with ferritin-labeled LDL. (A) HEC-B-
296 cells after a 2-h incubation in the presence of ferritin-labeled LDL at 4°C. Ferritin was found associated with coated regions on
the upper cell surface (arrows), in addition to straight membrane and surface projections as shown in Fig . 8A . X68,500 . (B) EC-168
cells aftera2-h incubation in the presence of ferritin-labeled LDL at 4°C. Coated regionswere observed in the EC-168 cell line but
ferritin was never seen in association with the coated regions . x 68,500 . (C) An unstained section of HEC-B-296 cells which had
been labeled with ferritin-labeled LDLand then incubated at 37 °Cfor30 min . The ferritin is found within the cell in amultivesicular
body and on a surface projection . X 65,000 .
Minutes at 37°C Molecules$
0 1620
30 1380
120 140
0 3700
30 5070
120 4680internalized LDLregulates cholesterol metabolism in thesame
manner as has been describedfor the skin fibroblast by Brown
and Goldstein (2).
Anderson et al. (12) have recently describedthe bindingand
internalization of F-LDL in cells of a cancer line, A-431 cells,
and in Chinese hamster ovary cells. In the Chinese hamster
ovary cells, the F-LDL was localized primarily in coated
regions, similar to thepattern describedin skin fibroblasts. The
A-431 cells, however, had F-LDLdistributed evenly over their
upper cell surface, with a relatively small percentage of the F-
LDL being associated with coated regions. The pattern of F-
LDLbinding we observed in the HEC-B-296 and EC-168 cells
wassimilar to that oftheA-431 cells, i.e. relatively fewreceptors
on the cell membrane were localized to the coated region. We
have also studied another cervical epidermoid cancer cell line
(EC-50) which wascharacterized in the past (25). In these cells,
we observed a pattern of F-LDL binding similar to that of the
HEC-B-296, EC-168 cells, and A-431 cells (data not shown).
Thus, there appear to be at least two distinct patterns of LDL
receptor localization, one in which the receptors are localized
primarily in coated regions, as described for skin fibroblasts
and Chinese hamster ovary cells, and another in which the
receptors are more evenly distributed over the upper cell
surface, as described in the case of three cancer cell lines, i.e.
the A-431, HEC-B-296, and EC-50 cells. Both types of cells
can bind, internalize, and degrade LDL and thus regulate
cholesterol metabolism, buttheir"strategies" foraccomplishing
this are different. The cancer cell lines are able to bind larger
quantities of LDL of whicha fraction is internalized, while the
fibroblasts and Chinese hamster ovary cells bind less LDL but
internalize it almost completely. Theabundance of LDL recep-
tors on the surface of some cancer cells enables them to
assimilate cholesterol at a high rate (9). This cholesterol is
required for cell membrane synthesis in these continuously
replicating cells.
Brown and Goldstein (14), who described a defect in the
internalization of LDL in J. D. fibroblast cells, suggested that
the LDL receptor complex is composed of at least two com-
ponents, onewhichbrings about bindingofthe lipoprotein and
the other which facilitates the internalization of LDL once
binding has occurred. The absence of the latter component
wouldcause defective LDL metabolism in such cells by failure
of LDL internalization. The defective internalization of LDL
in the epidermoid cervical cancer cells (EC-168) studied in the
presentinvestigation could conceivably be of a similar nature.
Although the number of coated regions per millimeter of
membrane in the EC-168 cells was within the range reported
by Anderson et al. for normal skin fibroblasts (3), A-431 cells,
and Chinese hamster ovary cells (12), no F-LDLwas observed
associated with these coated regions. Thus, the defect in the
EC-168 cellsappears to be similar to that describedin the J. D.
skin fibroblasts (14). Although the receptor in EC-168 cells
binds LDL specifically, the receptor-LDL complex does not
associate with a coated region and the bound LDL is not
internalized.
Many investigators are searching for a biochemical expla-
nation(s) for neoplastic transformation of cells and have sug-
gested that the neoplastic state is characterized by "lack of
control" of intracellular events by extracellular signals (7, 8,
26). The defect in cholesterol metabolism in the EC-168 cells
is of this type, namely failure of external factors (plasmaLDL)
to regulate intracellular cholesterol metabolism. These neo-
plastic cellswith adefect in LDL internalization couldprovide
a useful model for the investigation of the structural modifi-
cations that lead to failure of adsorptive endocytosis.
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